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ABSTRACT
 
From 1997 to 2003, we examined the impacts of two
aquatic herbicides, fluridone (Sonar; 1-methyl-3-phenyl-5-[3-
(trifluromethl) phenyl]-4(1H)-pyridinone), and dipotassium
salt of endothall (Aquathol K; 7-oxabicyclo[2.2.1]heptane-
2,3-dicarboxylic acid), used to control dense hydrilla (
 
Hydril-
la verticillata
 
 L. f. Royle), on population characteristics of ju-
venile largemouth bass (
 
Micropterus
 
 
 
salmoides
 
 Lacepede) in
small coves (<10 ha) in Lake Seminole, Georgia. In addition,
we estimated areal coverage and species composition of sub-
mersed aquatic vegetation (SAV) communities in each cove.
Fish and plants were sampled in both control (hydrilla infest-
ed) and herbicide treated coves in November and March-
April each year. Electrofishing catch-per-effort for both num-
ber and weight of age-0 and age-1 fish for the 1997 to 2002
year classes was either the same or higher (p < 0.05) in herbi-
cide treated than in control coves. Age-0 fish were larger (p <
0.05) in treated, than in control coves in November, but at
age-1 in the following spring, fish were slightly longer (p <
0.05) in the control coves. Higher age-0 catches were associ-
ated with greater percent reductions in numeric catch be-
tween age-0 and age-1 and reduced lengths of fish in
November indicating density-dependent effects. Age-0 fish
lengths were also negatively correlated to percent cover of
both total and native SAV. Total or native SAV coverages were
not associated with catch-per-unit effort for number and
weight, but nearly all control and herbicide treated coves
had total SAV coverage greater than 40%. Applications of
both Sonar and Aquathol K reduced total SAV coverage and
hydrilla, permitted the establishment of native SAVs, and had
either neutral or positive impacts on young largemouth bass
in small coves in Lake Seminole.
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INTRODUCTION
 
Typically, young largemouth bass inhabit submersed
aquatic vegetation (SAV) when present in water bodies (Dib-
ble et al. 1996). Aquatic plants provide both protective cover
for young fish from predators and food resources that can
enhance largemouth bass recruitment to catchable size
sought by anglers, although specific responses have been
variable (Durocher et al. 1984, Moxely and Lankford 1985,
Bettoli et al. 1992, Wrenn et al. 1996, Maceina 1996). Exotic
plants including hydrilla and Eurasian watermilfoil (
 
Myrio-
phyllum
 
 
 
spicatum
 
 L.) provide habitat utilized by young large-
mouth bass, but excessive levels can hinder recreational,
aesthetic, and industrial uses of water bodies. Most biologists
agree that some intermediate level of SAV is desirable for
warm water fisheries, particularly for largemouth bass (Engel
1995, Henderson 1996, Hoyer and Canfield 2001).
Previous investigators have examined the relation be-
tween abundance of age-0 or age-1 largemouth bass and SAV
for either whole water-body responses (Bettoli et al. 1992,
Hoyer and Canfield 1996, Tate et al. 2003) or in site-specific
habitats within a water body (Wrenn et al. 1996, Miranda and
Pugh 1997). Valley and Bremigan (2002) examined the ef-
fects of variable Eurasian watermilfoil abundance manipulat-
ed with aquatic herbicides on feeding behavior and growth
of largemouth bass. However, to our knowledge, the re-
sponse of young largemouth bass population metrics to ap-
plications of aquatic herbicides in smaller coves and
embayments of larger water bodies has not been examined. 
Since the 1990s, lake managers have attempted to replace
exotic submersed macrophytes such as hydrilla and Eurasian
watermilfoil with native aquatic plants primarily by reducing
the abundance of exotic plants with aquatic herbicides. Na-
tive plants are then planted or become reestablished via seed
banks from previous colonizations (Smart et al. 1996). The
objectives of this project were to document changes in SAV
communities following applications of fluridone (Sonar; 1-
methyl-3-phenyl-5-[3-(trifluromethl) phenyl]-4(1H)-pyridi-
none) and dipotassium salt of endothall (Aquathol K; 7-ox-
abicyclo[2.2.1]heptane-2,3-dicarboxylic acid) to control
hydrilla. We also compared the relative abundances and
length-frequency distributions of young largemouth bass be-
tween hydrilla infested coves and coves treated with both
herbicides.
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MATERIALS AND METHODS
Study Sites and Herbicide Applications
 
Lake Seminole (Georgia-Florida), is a 13,158 ha impound-
ment of the Chattahoochee and Flint Rivers managed by the
U.S. Army Corps of Engineers (USACE). Annual water level
fluctuations in this shallow reservoir (mean depth 3.0 m) are
typically less than 0.7 m, and provide favorable environmen-
tal conditions for submersed aquatic macrophyte coloniza-
tion. During the past 12 years, areal coverage of submersed
macrophytes (primarily hydrilla) has varied from 40-70%
(Brown and Maceina 2002) and aquatic vegetation control
methods included the application of EPA approved aquatic
herbicides.
Ten to 12 coves were sampled for young largemouth bass
and SAV between fall 1997 and spring 1999 and 4 of these
same coves were also sampled from fall 1999 to spring 2003
(Table 1, Figure 1). All coves were less than 10 ha and sam-
pling coincided with assessment of six year-classes of large-
mouth bass produced from 1997 to 2002. Herbicide
applications at these coves were part of the USACE hydrilla
control program on Lake Seminole. For age-0 and age-1 fish
sampled in November 1997 and March 1998, five coves had
been treated with Sonar in 1996 or 1997 and five coves
served as hydrilla infested control coves (Table 1). In Novem-
ber 1998 and March 1999, six areas served as herbicide treat-
ed coves, some of which were not retreated with Sonar in
1998 as hydrilla reduction persisted, and six areas were hyd-
rilla control coves.
From November 1999 to April 2003, four coves (Figure 1)
that were sampled from November 1997 to March 1999 were
repeatedly sampled for young largemouth bass, SAV cover,
and frequency of occurrence of SAV species to test the effi-
ciency of Aquathol K to reduce hydrilla, promote the estab-
lishment of native SAVs, and attempt to maintain 20-40%
coverage of SAV. For the 1999 to 2002 year classes of large-
mouth bass, Ranger Cove served as a herbicide treated cove
for all four years. In Fairchild Cove, the 2000 to 2002 large-
mouth bass year classes were classified as treatment cohorts
and in Kelly and Buenva Vista Coves, treatment periods en-
compassed the 2001 and 2002 year classes of age-0 and age-1
largemouth bass (Figure 1).
 
Aquatic Plants
 
For the 10-12 coves sampled from November 1997 to
March 1999, SAV coverage was estimated each November
and March using a recording fathometer (Maceina and
Shireman 1980) and a global position system (GPS). At each
waypoint taken with the GPS unit, a simultaneous fix mark
was placed on the recording fathometer tracing to deter-
mine whether SAV was present or absent at each way point.
Way points and their associated vegetation attributes were
imported into ArcView (ESRI, Inc., Redlands, CA) to create
vegetation cover polygons and estimate percent areal cover-
age. Predominance of different species of SAVs were estimat-
ed by visual inspection in these shallow coves.
After March 1999, submersed aquatic plants were sampled
in the four coves twice a year from 1999 to 2003, each No-
vember and April using the same procedures employed in
1997-1999. Frequency of occurrence of plants was deter-
mined from 75 to 125 systematic locations with a plant rake
and recorded with GPS. All plant species observed for each
sample were recorded. Frequency of occurrence of native
SAV which included Illinois pondweed (
 
Potamogeton
 
 
 
illinoensis
 
Morong), muskgrass (
 
Chara
 
 sp. L.), stonewort (
 
Nitella
 
 sp. L.),
coontail (
 
Ceratophyllum
 
 
 
demersum
 
 L.), and fanwort 
 
(Cabomba
caroliniana
 
 Gray) were pooled when multiple species were
present and multiplied by total SAV cover to estimate percent
areal coverage of native SAV. In addition, Eurasian milfoil was
visually observed in two control coves sampled in 1997-1999.
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Cove
1997-1998 1998-1999
Treatment type  Total SAV (%)  Predominant SAV species Treatment type  Total SAV (%)  Predominant SAV species
Buena Vista Herbicide (6/1998) 28-36 hydrilla
Desser Control 100 hydrilla Control 95-100 hydrilla
Fairchild Herbicide (6/1997) 72-80 hydrilla, pondweed,
stonewort
Kelly Herbicide (10/1996) 1-3 pondweed, hydrilla Control 90-96 hydrilla, pondweed
Knight Control 88-93 hydrilla, pondweed, milfoil Control 84-85 hydrilla, pondweed, milfoil
Pear Orchid Herbicide (10/1996) 0-32 muskgrass, pondweed Herbicide (6/1997) 0
Ranger Herbicide (10/1996) 88-92 pondweed, hydrilla Herbicide (none) 71-91 pondweed, hydrilla
Reynold Herbicide (10/1996) 57-88 pondweed, hydrilla,
stonewort
Herbicide (none) 64-67 pondweed, hydrilla,
stonewort
Saunder Control 32-100 hydrilla, pondweed Control 85-86 hydrilla, pondweed
Three Fingers Control 66-86 hydrilla, coontail, milfoil Control 67-68 hydrilla, coontail,
milfoil
Upper Lewis Control 35-100 hydrilla, pondweed Control 97-100 hydrilla, pondweed
Van Zant Herbicide (6/1997) 73-85 stonewort, pondweed,
hydrilla
Herbicide (none) 89-93 stonewort, pondweed,
hydrilla
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Young Largemouth Bass
 
In November 1997 and 1998 and March 1998 and 1999,
age-0 and age-1 largemouth bass were collected along
transects in each cove using a DC electrofishing unit mount-
ed to an air boat. Because Copeland and Noble (1994)
found that most age-1 and younger largemouth bass main-
tained site fidelity in reservoir embayments, we assumed im-
migration and emigration from coves was minimal. Sampling
was conducted during the day with three replications taken
in each cove during each sampling period. Collection time
was measured with active pedal time and ranged from 10 to
30 minutes per replicate. For larger individuals collected,
otoliths were removed on site to separate age-0 and age-1
fish. From November 1999 to 2002 and from April 2000 to
2003, age-0 and age-1 largemouth bass from the 1999 to 2002
year-classes were collected from four coves that were previ-
ously sampled using the same procedures with three repli-
cates of 10 to 15 minutes of electrofishing effort conducted
in each cove.
 
Data Analysis
 
To test for differences in catch-per-effort for number and
weight between control and treatment coves, we conducted
two-way log-linear analysis of variance (Kimura 1988) which
partitions the variation due to year class and treatment type.
This analysis was conducted for two sets of data; the 10-12
coves sampled from November 1997 to March 1999 and the
four coves sampled from November 1999 to March 2003.
Length distributions between treatment and control coves
were compared using the Kolmogorov-Smirnov two-sample
test and t-tests for the 1997-1999 and 1999-2003 time periods. 
For the entire six year classes collected in November (fall)
and March-April (spring), correlation coefficients were com-
puted for best fits between untransformed, or single and
double log
 
10
 
 transformed variables that compared among
mean catch-per-effort for each cove, average length of fish
collected, total and native SAV coverage, and treatment ef-
fects (0 = control, 1 = herbicide). For each season, multiple
regression equations were computed to predict mean
lengths of fish from each cove from a number of indepen-
dent variables. For fish collected in fall, covariate analysis was
conducted to test for treatment effects (control or herbi-
cide) on mean fish lengths for a given level of numerical
catch. Finally, the percent difference in numerical catch-per-
effort between age-0 fish in the fall and age-1 fish in the
spring was computed to determine if over-winter survival was
associated with initial age-0 abundance, mean length, and
herbicide treatment effects. This variable was derived by sub-
tracting the age-0 numerical catch-per-effort from age-1
catch-per-effort; dividing this difference by age-0 catch-per-
effort, then multiplying by 100 to create a percentage.
 
RESULTS AND DISCUSSION
Aquatic Plants
 
For two coves treated with Sonar in 1996, total SAV cover-
age was less than 40% in 1997-1998, and native SAVs were the
predominant plant (Table 1). In the other treatment coves
sampled in 1997-98, total SAV coverage ranged from 57 to
92%, native SAVs predominated, but hydrilla was not elimi-
nated from these coves. A massive rain event and rise in wa-
ter levels in the Fish Pond Drain region of Lake Seminole
resulted in a large decline in total SAV in March 1998 in two
control coves (Desser and Saunder). In 1998, Sonar applica-
tion in Buena Vista Cove resulted in hydrilla reduction, but
native SAV did not become established (Table 1). In the oth-
er five herbicide treatment coves sampled in 1998-99, Sonar
applications were not conducted as native SAV species were
the dominant plants in these previously hydrilla infested
coves (Table 1). In coves sampled from 1999 to 2003, native
SAV generally increased over time in all four coves after ap-
plications of Aquathol K (Figure 1). In Fairchild Cove, Illi-
nois pondweed and stonewort abundance was maintained or
increased slightly between 2000 and 2003 (Figure 1). In
Ranger Cove, fanwort nearly completely replaced hydrilla af-
ter 2000 and was the predominant SAV species in the cove in
2002-03 (Figure 1). In Kelly Cove, Illinois pondweed, stone-
wort, and coontail replaced hydrilla after 2001, but these
Figure 1. Submersed aquatic vegetation (SAV) cover for total and native SAV
in four coves sampled from fall 1997-1998 to spring 2003. S and A indicates
the time of Sonar and Aquathol K applications. Sonar was applied to Kelly
and Ranger cove in October 1996.
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changes were evident prior to treatment with Aquathol K
(Figure 1). In Buena Vista Cove, Aquathol K applications in
2002 and early 2003 were associated with an increase in
coontail, and a reduction in total SAV coverage, but hydrilla
was still the dominant plant in this cove in 2003 (Figure 1).
As expected, a weak (p < 0.05), but negative correlation
was computed between total SAV coverage and treatment
effects for all data pooled between 1997 and 2003 (Table 2).
In fall, treated coves contained higher native SAV coverages
than non-treated coves (Table 2). However areal coverage of
all species of SAV generally exceeded 40%. Prior to hydrilla
colonization, Lake Seminole contained a diverse native plant
community (Gholson 1984), seed banks of these species still
exist in sediments, and these seeds germinated and grew
after hydrilla was reduced or eliminated with Sonar. After
1999, native SAV either increased or was maintained in coves
treated with Aquathol K where hydrilla was the predominant
plant. Although total SAV coverage was reduced with
Aquathol K, our target goal of 20-40% areal coverage of all
SAVs was not achieved as a decision was made not to reduce
native SAV with herbicides. Lake Seminole is extremely shal-
low, the maximum depth in most of the sample coves was less
than 3 m, and with sufficient light, native SAVs colonized
most of the bottom after hydrilla reduction.
 
Young Largemouth Bass
 
For age-0 largemouth bass collected in November 1997
and 1998, numerical catch-per-effort was similar (p = 0.12)
between control and treatment coves, but catch-per-effort for
weight was higher (p < 0.05) in the mixed plant communities
treated with herbicides than in the densely infested hydrilla
coves (Figure 2). For age-1 fish collected the following
March in 1998 and 1999, catch for both number and weight
were higher (p < 0.05) in the herbicide treated than in the
hydrilla infested coves.
For the four coves, sampled from 1999 to 2003, numerical
catch-per-effort of age-1 fish was higher (p < 0.05) in April in
the coves treated with herbicides (Figure 3). In November
when fish were age 0, catch-per-effort for number and weight
were similar (p > 0.4) between treatment and control coves,
and no differences in age-1 catch-per-effort for weight was
detected (p = 0.11) between control and treatment coves for
data collected in April.
For data pooled between 1997 and 2003, catch-per-effort
for both number and weight of age-1 fish was weakly (p <
0.05), but positively associated with herbicide treatment (Ta-
ble 2). Similarly, higher catch for weight in fall was weakly
correlated to coves treated with herbicides (Table 2). Age-0
and age-1 catches for number or weight were not related (p >
0.10) to total or native SAV coverage for both control and
treatment coves pooled or analyzed separately. Although
young largemouth bass abundance tended to be higher in
herbicide treated coves, no relation (p > 0.10) was evident
between total and native SAV cover and catch-per-effort for
both number and weight. Maceina (1996) found an asymp-
totic relation between age-0 density of largemouth bass and
SAV coverage that reached a maximum at SAV volume infes-
tation of 35% in Florida lakes greater than 54 ha. However,
in our sample coves, total SAV coverage was nearly always
greater than 40%. Thus, at SAV coverages greater than 40%,
we detected no impact of SAV coverage on fish catch-per-ef-
fort except that in some instances, relative abundances were
greater in herbicide treated coves.
In November 1997-1998, age-0 fish averaged 112 mm TL
in treatment coves and were slightly longer (p < 0.01) than
fish inhabiting dense hydrilla (average 107 mm TL). In addi-
tion, length distributions varied (p < 0.05) between vegeta-
tion types as 64% of the fish inhabiting dense hydrilla were
less than 110 mm TL compared to 53% in the mixed plant
communities that had been treated with Sonar. In March
1998-1999, however, age-1 fish were slightly longer (p < 0.05)
in dense hydrilla (average = 136 mm TL) and skewed (p <
0.05) towards longer fish (42% 
 
≥
 
 140 mm TL) compared to
fish collected from treated coves (average = 129 mm TL, 25%
 
≥
 
 140 mm TL).
Similarly in November 1999-2002, age-0 fish collected
from the treatment coves averaged 116 mm TL and were
longer (p < 0.01) than fish inhabiting the control coves (av-
erage = 101 mm TL). Length-frequency distributions also dif-
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Variable CPE-number CPE-weight Mean length Total SAV (%) Native SAV (%)
Fall
CPE-weight 0.89** — — — —
Mean length -0.43** 0.02 — — —
Total SAV (%) -0.06 -0.19 -0.38** — —
Native SAV (%) 0.18 -0.01 -0.42** 0.37 —
Treatment (0,1) 0.15 0.32** 0.26 -0.47** 0.38*
Spring
CPE-weight 0.84** — — — —
Mean length -0.47** 0.17 — — —
Total SAV (%) 0.09 -0.07 -0.15 — —
Native SAV (%) 0.14 -0.17 -0.29 0.52** —
Treatment (0,1) 0.41** 0.41** -0.14 -0.36** 0.33
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fered (p < 0.01), with 53% of the fish greater than 110 mm
TL in the treatment coves compared to 25% in the control
coves. Similar to data collected in 1998-1999, fish were long-
er (p < 0.01) in the control coves in April at age-1 and aver-
aged 159 mm TL compared to 142 mm TL in the treatment
coves. In the control and treatment coves, 57 and 45% of the
fish were longer than 140 mm TL, respectively.
Assuming spawning times were similar between treatment
and control coves, fish growth rates were slightly faster by
November in herbicide treated coves. However, by the fol-
lowing spring, age-1 fish were slightly longer in the control
than the treatment coves. Possibly, lower largemouth bass
density in conjunction with the natural reduction in hydrilla
abundance during winter in control coves allowed young
largemouth bass to feed more effectively, grow faster, and at-
tain slightly larger sizes than in treated coves.
For data pooled between 1997 and 2003, mean length was
weakly but inversely related (p < 0.05) to numerical catch-
per-effort in fall and spring when fish were age 0 and age 1,
respectively (Table 2). This suggested modest density-depen-
dent growth depression occurred. In fall for age-0 large-
mouth, both numerical catch-per-effort (NUM-CPE) and
total SAV coverage (SAV-COVER) were negative regressors of
mean fish length and the equation was computed:
log
 
10
 
(MTL) = 2.095 - 0.0645(log
 
10
 
NUM-CPE)
- 0.000788(SAV-COVER)
Both independent variables were highly significant (p < 0.01)
terms and the equation explained 35% of the variation in
mean lengths. Thus, lower lengths of age-0 fish were associat-
ed with higher catch rates and SAV coverages. Based on semi-
partial squared correlation coefficients (pr
 
2
 
), catch-per-effort
(pr
 
2
 
 = 0.23) was a slightly more influential variable in the
model than total SAV coverage (pr
 
2
 
 = 0.20). In addition, cova-
riate analysis indicated that for a given numerical catch rate,
mean lengths were higher (p < 0.05) for age-0 fish collected
in herbicide treated than control coves (Figure 4). Thus,
these analyses indicated that age-0 fish collected in the fall
were larger in herbicide treated coves where native SAVs were
more abundant and total SAV coverage was lower. Contrary to
our observations, age-0 length, growth, seine catches, and
plant abundances in Michigan lakes were not interrelated or
were not associated in untreated or herbicide treated lakes to
reduce Eurasian watermilfoil (Valley and Bremigan 2002).
Similar statistical procedures were applied to data collect-
ed in spring for age-1 fish, and only numerical catch-per-ef-
fort was negatively related to mean lengths. The response of
mean lengths to numerical catch was similar between treat-
ment and control coves and total and native SAV coverage
did not influence lengths at age 1.
As numeric age-0 catch-per-effort increased, the percent
difference in numeric abundance between age-0 and age-1
decreased (r = -0.61, p < 0.01) in both control and herbicide
Figure 2. Mean age-0 and age-1 catch-per-effort for largemouth bass col-
lected from 10 to 12 coves, November 1997 to March 1999. Error bars repre-
sent standard deviations of the mean and mean catch-per-effort values
annotated by the same letter were not significantly (p > 0.05) different.
Figure 3. Mean age-0 and age-1 catch-per-effort for largemouth bass col-
lected from 4 coves, November 1999 to April 2003. Error bars represent
standard deviations of the mean and mean catch-per-effort values annotated
by the same letter were not significantly (p > 0.05) different.
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treated coves (Figure 5). Thus, density-dependent mecha-
nisms, in part, likely influenced the percent decline or sur-
vival of young largemouth bass between fall and spring. At
age-0, catch-per-effort greater than 1 fish/minute was associ-
ated with the greatest percentage decline in year-class abun-
dance over time. The elevation of the regression line
between percent difference in age-0 and age-1 catch and age-
0 catch appeared higher in the herbicide compared to the
control coves and suggested potentially greater recruitment
in treated coves for a given age-0 catch (Figure 5). However,
the difference in elevation was statistically similar (p = 0.13)
for these two regression equations. At times, age-1 catch rates
were higher than age-0, an anomaly to our sampling, but
these observation occurred at lower age-0 catches. Mean to-
tal length at age 0 was weakly, but positively correlated (r =
0.29, p = 0.07) to lower percentage declines between age-0
and age-1 catch and suggested slightly greater survival and
recruitment to age 1 in coves with faster growing and longer
age-0 fish. Miranda and Pugh (1997) found electrofishing
catch for age-1 largemouth bass in March was highest at
about 20% coverage of SAV and greatest survival between
age 0 and age 1 occurred at 10-20% SAV cover.
In conclusion, applications of both Sonar and Aquathol K
to reduce hydrilla in small coves promoted the establishment
of native SAV, and were associated with either neutral or pos-
itive impacts on young largemouth bass. However, in some
instances, applications of these herbicides may completely
eliminate hydrilla and reduce total SAV coverage to nil, but
our study could not address the impact of complete removal
of SAV on young largemouth bass populations characteristics
in these small coves. Miranda and Pugh (1997) found in
mixed exotic and native SAV communities that aerial cover-
age of 10-25% provided optimal conditions for abundance,
over winter survival, and growth of young largemouth bass.
ACKNOWLEDGMENTS
 Funding for this project was provided by Georgia Depart-
ment of Natural Resources (1997 to 1999) through Federal
Aid to Sportfish Restoration Project F-64 and from Cerexa-
gri, Inc. (1999 to 2003). We thank D. Partridge, S. Brown,
and B. Rhinehard for assisting with data collection. D. Mor-
gan and J. Stagil with the U.S. Army Corps of Engineers con-
ducted the herbicide applications.
LITERATURE CITED
Bettoli, P. W., M. J. Maceina, R. L. Noble and R. K. Betsill. 1992. Piscivory in
largemouth bass as a function of aquatic vegetation abundance. N. Am.
J. Fish. Manage. 12:509-516.
Brown, S. J. and M. J. Maceina. 2002. The influence of disparate levels of
submersed aquatic vegetation on largemouth bass population character-
istics in a Georgia reservoir. J. Aquat. Plant Manage. 40:28-35.
Copeland, J. R. and R. L. Noble. 1994. Movements of young-of-year large-
mouth bass and their implications for supplemental stocking. N. Am. J.
Fish. Manage. 14:119-124.
Dibble, E. D., K. J. Killgore and S. H. Harrel. 1996. Assessment of fish-plant
interactions. Multidimensional approaches to reservoir fisheries man-
agement. Am. Fish. Soc. Symp. 16:357-372.
Durocher, P. P., W. C. Provine and J. E. Kraai. 1984. Relationship between
abundance of largemouth bass and submerged vegetation in Texas reser-
voirs. N. Am. J. Fish. Manage. 4:84-88.
Engel, S. 1995. Eurasian watermilfoil as a fishery management tool. Fisher-
ies 20(3):20-26.
Gholson, A. K., Jr. 1984. History of aquatic weeds in Lake Seminole. Aquat-
ics 6(3):21-22.
Figure 4. For all age-0 fish collected from 1997 to 2002 in November, the
relation between catch-per-effort and mean total length in herbicide treated
and control coves. In control coves, the regression equation was mean total
length = 102.6 -18.6*log10(catch-per-effort) and in treated coves, the regres-
sion equation was mean total length = 111.4 -17.2*log10(catch-per-effort).
Figure 5. The percent difference between age-0 and age-1 catch-per-effort
within a year class and age-0 catch-per-effort in control and herbicide
treated coves. In the control coves, the regression equation was percent dif-
ference = -72.3 - 121.8*log10(catch-per-effort) and in treated coves, the
regression equation was percent different = -50.1- 136.8*log10(catch-per-
effort).
J. Aquat. Plant Manage. 42: 2004. 11
Henderson, J. E. 1996. Management of nonnative aquatic vegetation in
large impoundments: Balancing preferences and economic values of
angling and non angling groups. Multidimensional approaches to reser-
voir fisheries management. Am. Fish. Soc. Symp. 16:373-381.
Hoyer, M. V. and D. E. Canfield, Jr. 1996. Largemouth bass abundance and
aquatic vegetation in Florida lakes: An empirical analysis. J. Aquat. Plant
Manage. 34:23-32.
Hoyer, M. V. and D. E. Canfield, Jr. 2001. Aquatic vegetation and fisheries
management. Lakeline 21(3):20-22
Kimura, D. L. 1988. Analyzing relative abundance indices with log-linear
models. N. Am. J. Fish. Manage. 8:175-180.
Maceina, M. J. and J. V. Shireman. 1980. The use of a recording fathometer
for determination of distribution and biomass of hydrilla. J. Aquat. Plant
Manage. 18:34-39.
Maceina, M. J. 1996. Largemouth bass abundance and aquatic vegetation in
Florida lakes: An alternative interpretation. J. Aquat. Plant Manage.
34:43-47.
Miranda, L. E. and L. L. Pugh. 1997. Relations between vegetation coverage
and abundance, size, and diet of juvenile largemouth bass during winter.
N. Am. J. Fish. Manage. 17:601- 610.
Moxley, D. J. and F. H. Langford. 1985. Beneficial effects of hydrilla on two
eutrophic lakes in central Florida. Proc. Annu. Conf. Southeast. Assoc.
Fish Wildl. Agencies 36:280-286.
Smart, R. M., R. B. Doyle, J. D. Madsen and G. O Dick. 1996. Establishing
native submersed aquatic plant communities for fish habitat. Multidi-
mensional approaches to reservoir fisheries management. Am. Fish. Soc.
Symp. 16:347-356.
Tate, W. B., M. S. Allen, R. A. Myers, E. J. Nagid and J. R. Estes. 2003. Rela-
tion of age-0 largemouth bass abundance to hydrilla coverage and water
level at Lochloosa and Orange Lakes, Florida. N. Am. J. Fish. Manage.
23:251-257.
Valley, R. D. and M. T. Bremigan. 2002. Effects of selective removal of Eur-
asian watermilfoil on age-0 largemouth bass piscivory and growth in
southern Michigan lakes. J. Aquat. Plant Manage. 40:79-87.
Wrenn, W. B., D. R. Lowery, M. J. Maceina and W. C. Reeves. 1996. Large-
mouth bass and aquatic plant abundance in Guntersville, Alabama. Mul-
tidimensional approaches to reservoir fisheries management. Am. Fish.
Soc. Symp. 16:382-392.
Non-target Impacts to Eelgrass
from Treatments to Control Spartina
in Willapa Bay, Washington
WALTER W. MAJOR III1, CHRISTIAN E. GRUE1,3, JAMES M. GRASSLEY1, AND LOVEDAY L. CONQUEST2
ABSTRACT
Four methods to control the smooth cordgrass Spartina
(Spartina alterniflora) and the footwear worn by treatment per-
sonnel at several sites in Willapa Bay, Washington were evaluat-
ed to determine the non-target impacts to eelgrass (Zostera
japonica). Clone-sized infestations of Spartina were treated by
mowing or a single hand-spray application of Rodeo® formu-
lated at 480 g L-1 acid equivalence (ae) of the isopropylamine
salt of glyphosate (Monsanto Agricultural Co., St. Louis, MO;
currently Dow AgroSciences, Indianapolis, IN) with the non-
ionic surfactant LI 700® (2% v/v) or a combination of mowing
and hand spraying. An aerial application of Rodeo® with X-77
Spreader® (0.13% v/v) to a 2-ha meadow was also investigated.
Monitoring consisted of measuring eelgrass shoot densities and
percent cover pre-treatment and 1-yr post-treatment. Impacts
to eelgrass adjacent to treated clones were determined 1 m
from the clones and compared to a control 5-m away. Impacts
from footwear were assessed at 5 equidistant intervals along a
10-m transect on mudflat and an untreated control transect at
each of the three clone treatment sites. Impacts from the aerial
application were determined by comparing shoot densities and
percent cover 1, 3 and 10 m from the edge of the treated Spar-
tina meadow to that at comparable distances from an untreated
meadow. Methods utilized to control Spartina clones did not
impact surrounding eelgrass at two of three sites. Decreases in
shoot densities observed at the third site were consistent across
treatments. Most impacts to eelgrass from the footwear worn by
treatment personnel were negligible and those that were signif-
icant were limited to soft mud substrate. The aerial application
of the herbicide was associated with reductions in eelgrass
(shoot density and percent cover) at two of the three sampling
distances, but reductions on the control plot were greater. We
conclude that the unchecked spread of Spartina is a far greater
threat to the survival and health of eelgrass than that from any
of the control measures we studied. The basis for evaluating
control measures for Spartina should be efficacy and logistical
constraints and not impacts to eelgrass.
Key words: estuary, glyphosate, Zostera eelgrass, Spartina al-
terniflora, Rodeo®, non-target.
INTRODUCTION
Seagrasses are recognized as important components of
coastal and estuarine ecosystems (Hemminga and Duarte
2000). In the Pacific Northwest and on Canada’s Pacific and
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